(AT

JAERI-Research JP9950599

99-052

MHERORICERBMIEZZRL RICE
MEFEFEODVHTRCER T — 7 IC & H1%5t

199959H

WA 2 TG - RRRE

BEXARFHDMHRAFR
Japan Atomic Energy Research Institute




ALF— ML, BERRETHMEHRDPAEHICAT L T A REHREETY,

AFOR b, UAR T HAFEAT A ZEE AR (T319-1195 R BRI
B T, BRLEBLZSW, 28, ZOEPIIHEEAETHILESER L~
& — (F319-1195 FIRVWLIRFT M I EH AARE S DIFFERTN) CHEIZ L2 EBR A& B
IhoTBHET,

This report is issued irregularly.
Inquiries about availability of the reports should be addressed to Rescarch Information
Division, Department of Intellectual Resources, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, 319-1195, Japan.

© Japan Atomic Energy Research Institute, 1999
fEFElT  AARESDIERT




JAERI-Research 99-052

SREHAN O RO TREBMALE 2% /8 U 72 KOG
fEfEFEMTF 3D VHTRC BT — 5 1T & HRRE

B A& F e KSR LT iR T s R 7 AP B FE R
A ZH- T EE - R EE

(1999 £ 7 A 27 A %Z#)

VHTRC 10T 8E O RS RBM (BP)#e & 347 L 7= EBWE RITDWT, BP RUCESf
BEORFEELTMAEL 7=, TOKE, HTTR O&EFHIHAWTWS, Jov/NEHEE
L7=EFI)L T BP RICE % 20%EEi/NHET 2 Z MBI hEofz. ZORRI.
BP RS % RRANTE/NGHE L T3 7280, BEKICEZFHOICHET 52 WO BN S
REFHTH VRS EBERL., LALAENS, BRAZAFOXGOSEL. FHRFOHK
2. HTTR OFEEBED-DIZIIFMEEOM LAKRETHS, TI T, BP LEZE
FIALLIBLHNDA 2 R—F D ADHE L VFMCERTNEHENMET S EEX. R
BHENT® BP DN BZEEB TEDXIBEHED A v L anEIREHCLEET IV EE
L, ZOEFIEHIZ, FOGHED BP HEBICHET 2@ THHENA TSI LXK
DYER L= EDWEBEZRANS ZEICLD. 10%LATFTORET BP RIGEZHMETES Z
ENHEMER DT,

KEEHFZEAT : T311-1394  JKURVR K IRAR A BT ik AT 7 3607
tEREFAORA Ry —HiEEE 5 —



JAERI-Research 99-052

Study of Burnable Absorber Reactivity Worth Evaluation Method
Considering the Position of Burnable Absorber Rod in a Block
using VHTRC Experimental Results

Nozomu FUJIMOTO, Kiyonobu YAMASHITA
and Fujiyoshi AKINO*

Department of HTTR Project
Oarai Research Establishment
Japan Atomic Energy Research Institute
Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received July 27, 1999)

The calculation accuracy of BP reactivity worth was evaluated using the
experimental data of VHTRC cores which contain plural BP rods. As a result, BP
reactivity worth was evaluated with about -20% of error by a model of an HTTR nuclear
design code system in which all materials in a fuel block distributed homogeneously in
the block. The BP reactivity worth was evaluated less than the experimental values
systematically. It was conservative calculation model from the viewpoint of excess
reactivity evaluation because it evaluated the excess reactivity higher. However, more
precise calculation is expected for rationalization of HTGR core design, design for future
HTGRs, operation and fuel management of the HTTR. It is considered that the
calculation accuracy would be improved considering the position of BP rod in a core.
Therefore, new model, in which a fuel block was divided into fine mesh to model the
position of BP rods in a block, was developed. The effective cross section set of BP was
evaluated by a BP cell model which had the same cross section area of BP region in the
core calculation. It became clear that the BP reactivity worth could be evaluated with the

error less than 10% using the new model.

Keywords : HTTR, VHTRC, Burnable Absorber, Reactivity, Calculation Model,

Diffusion Calculation, Cell Calculation, Effective Cross Section

* Tokai Education Center , Nuclear Technology and Education Center
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$211& eI/ hEET

el X0 SR B-2 B-4 T-6
235) AR (wt%) | 2.000+0.003 | 4.000£0.006 | 5.966+0.009
o B (um) 602t5 5994 595+6
U0, BE (g/em® | 10.42+0.11 | 10.35+0.08 | 10.26+0.05
AHAIREE (ppm) <0.3 <0.3 <0.3
B1E |ES  (um) 79+5 79+4 60t4
®PyC) |®E (glem® | 1.19%0.02 1.18+0.03 1.17+0.04
WokE |EE  (um) 79+4 78+4 30+2
PyC) | EHE (g/em® | 1.87£0.02 1.87+0.02 1.86+0.02
R E B3 |EZ  (um) ; 23+2
(SiC) HE  (g/lem?) - 3.02~3.21
WaE |BE  (um) - 4442
(PyC) HEE  (g/em?) - 1.85+0.03
AN (um) 918+14 913+10 909+ 14
DI aAR (g) | 20.99940.044 | 20.950+0.044 | 20.904+0.044
S1E (mm) | 35.85+0.03 | 35.98%£0.05 | 385.96+0.04
BELN I | NEE (mm) | 17.95%+0.05 17.96+0.02 17.99£0.02
S (mm) | 35.98+0.06 | 36.01+£0.06 | 36.00%+0.05
BMINIAEE  (glem®) | 1.71£0.02 1.69+0.02 1.69+0.02
$212% B#HTovr#EL
FE (mm) 300%0.3
EZ (mm) 1200+1
BEHEILOERE (mm) 47+0.4
HEELOER (mm) 65.5+0.4
FHE (g/cm?) 1.665
ENaLN (ppm) 0.07
K453 (ppm) 9.4
KyaHE (Wt%) 0.011

¥ FHPRIETROVICBRELEZR
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$F221% RDEMNEMETERNL v NETT

XLy MER W-1 W-2 2Rl v b
EE (mm) 11.86 11.87 11.91
mE (mm) 18.02 18.02 36.04
B (g/em’) 1.73 1.73 1.67
KRAROCEER  (wth) 0.97 1.87 -

#222% #HEADOBP ZEMLAEFLOERER

r—x BP fCiE BP a BP KIGEE | BP ™
BE | AMAS L | MIA L | BK (1/sec) Pris ($) (%Ak/k)
0 o 0 0 7.0? 0:_r)o.()?
Q.

1 1X6 7T L 0 12 | 51.76+0.16 | 9.67+0.11 7.06
2 2X6 1T A 0 24 | 89.24+0.72 | 18.32%+0.37 13.37
3 3X6 7T A 0 36 [115.7 +1.3 |25.04%0.63 18.28
4 IX6HWIAh | 1X6 T | 24 | 73.16+0.27 | 14.11£0.21 10.30
5 QX6 NI | 1X6 T | 36 [1174 £1.0 |24.3£0.5 17.74

* 3 4=0.0072993 & HWTHEAE L /=,
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HTTR ¥ I— RV AFLVEFRZEDDHDTH S,

B R X BP % FatELICIAEE A 247 - R FREEETHE 1 — R DELIGHT-7 215, §7
DS EICISIEEGTE O — K CITATION-1000VP Zflng, /2, ZITRHWEW
DVE S O HYWE AR I TWOTRAN-II JI—REZfN5S, % 3.1.1 Kica—R¥
2T LOBMEERT,

AT WSEEET L. HTTR Odsticlnwen/z, 1 DOMEMAZEET6 Ay
AT EETINERAE LR, COETFINERFFHBEETINERT S, £z, K
DD, LOMMNEAY L anEOETI GHIGHEET ) ORFALEMLZZ, ZOE
FIZ, BP OBEHENDOAIEZXRRTESLLIIZ. 1 DOREMEAEZ FET 384 Avia
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FNTHW-BETREESEDT —¥ 2 F LD THERITRT,
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ERR L 7=, REHED I 7 olmiEt y MWD OBREIEZRML =BT DARY RV THE
RLU. BEIEIVOETIVES 3.1.2 KIRT. BREFZIVOAERIE, BRIV ORI
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DWTH, BP BIVOWEEN T Oy 7 OWifii%EZ BP AR TE>EBEFLEDX
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I/ OMERtE Y M2, DELIGHT-7 I— RIZK D 40 B G 20 B, B4 20 Bf) THE
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Uiz, B FREBEEZE 3.1.1 RIZ. 2P FREEEL S 3.1.2 RITRT,

FLEER, oy EORTREEEI VOlEEEy hEHW, 70y JHNOME
EHENLETOy ZEEEFINTERLZ., EARDA Y 21 3EKES 3.1.3 K,
BHBD Ay a2 nEREE 3.1.4 KIORT. RET7Oy 718, BREHE 12 Ak 11 5%
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311K EPHETH HHE

B Lygo— THRIF— B LHY— IR F—
1) 2) 3) (TRR) (FFR. eV) 1) | 2 | 3 (FBR) (FER. eV)
1 0.25 7.79X 108 35 8.75 1.59X10?
2 0.50 6.07 % 10¢ 10 | 36 9.00 1.23%X10°
1 3 0.75 4.72X10° : 37 9.25 961
4 1.00 3.68X10° 38 9.50 748
5 1.25 2.87X10% 11 | 39 9.75 583
6 1.50 2.23X 10% 40 10.00 454
2 7 1.75 1.74%10° 12 41 10.25 354
8 2.00 1.35X10° 42 10.50 275
1 9 2.25 1.05x10° 43 10.75 215
3 10 2.50 8.21X 105 13 4 11.00 167
11 2.75 6.39X 10° 45 11.25 130
12 3.00 4.98X10° 14 | 46 11.50 101
13 3.25 3.88X 10° 47 11.75 78.9
14 3.50 3.02 X 10° 48 12.00 61.4
4 15 3.75 2.35X10° T 12.25 47.9
16 4.00 1.83X10° 3 50 12.50 37.3
17 4.25 1.43%X10° 16 57 12.75 29.0
5 18 4.50 1.11X10° 17 52 13.00 22.6
19 4.75 8.65 X 10* 53 13.25 17.6
20 5.00 6.74 X 10* 54 13.50 13.7
6 21 5.25 5.25X 10" 18 1755 13.75 10.68
22 5.50 4.09%10* 56 14.00 8.32
23 5.75 3.18 X 10* 19 57 14.25 6.48
24 6.00 2.48 X 10* 58 14.50 5.04
5 7 25 6.25 1.93X10" 59 14.75 3.93
26 6.50 1.50X10* 60 15.00 3.06
27 6.75 1.17 X 10* 20 61 15.25 2.38
28 7.00 9.12X 103 62 15.50 1.86
8 29 7.25 7.10 X 103 63 15.75 1.44
30 7.50 5.53X 10 64 16.00 1.125
31 7.75 4.31X103 65 16.25 0.876
32 8.00 3.36X 10 66 16.50 0.683
¥ 33 8.25 2.61X 10° 67 |  16.75 0.532
34 8.50 2.04X% 10 68 17.00 0.414
*1BOLERIRIINF—IL 10V TH S,
DRERIRE
L¢3
R)E 523
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312Kk BPHTFE BHEE

B TRIIF— - B ILRIVF— -
D | 2 | 3 (EFR. eV) (V) D] 2] 3 (ERR. eV) Hi(eV)
40 1 0.002 0.002 0y |26 0.55 0.1
2 0.004 0.002 27 0.65 0.1
3 0.006 0.002 o7 |28 0.75 0.1
39 | 4 0.008 0.002 29 0.85 0.1
5 0.015 0.007 26 130 0.95 0.1
38 |6 0.025 0.01 31 0.99 0.04
6 7 0.035 0.01 32 1.01 0.02
37 |8 0.045 0.01 25 | 33 1.03 0.02
9 0.055 0.01 34 1.045 0.015
36 10 0.065 0.01 35 1.055 0.01
11 0.075 0.01 04 |36 1.065 0.01
g5 |12 0.085 0.01 37 1.08 0.015
13 0.105 0.02 38 1.10 0.02
34 |14 0.135 0.03 4 39 1.16 0.06
15 0.165 0.03 93 |40 1.24 0.08
33 |16 0.195 0.03 41 1.35 0.11
17 0.225 0.03 42 1.45 0.1
39 |18 0.255 0.03 43 1.55 0.1
5 19 0.285 0.03 gy |44 1.65 0.1
3 |20 0.295 0.01 45 1.75 0.1
21 0.305 0.01 46 1.85 0.1
30 22 0.335 0.03 47 1.95 0.1
23 0.35 0.015 97 |48 2.05 0.1
99 |24 0.39 0.04 49 2.15 0.1
25 0.45 0.06 50 2.38 0.23
DRERIRE
2 RRE
RYE 5 :c3
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